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PROBLEM TO BE SOLVED: To evade the discontinuation of a 
network even against the occurrence of a fault, to improve the using 
efficiency of wavelength and to easily increase the nodes by setting 
properly the pass bands of variable length filters placed at the nodes 
which are arranged in a star shape around a star coupler and forming 
the network in a ring shape. 

SOLUTION: When an optical signal is inputted to a certain node 
device 2 from an ATM switch 3 of a lower order hierarchy, the optical 
signal is converted into an electric signal by an 0/E(optical/ electric) 
converter 2a. The electric signal is converted into an optical signal of 
the prescribed wavelength set for each node by an electric/optical 
modulator LD1 2b and outputted to a star coupler 1. The optical 
signals which are multiplexed by the coupler 1 are inputted to all 
nodes 2, and every variable wavelength filter 2C having the pass 
wavelength inherent to each node 2 processes only the optical signal that is coincident with the pass 
wavelength. The selected optical signal is converted into an electric signal by an 0/E converter 0/E 2d ana 
then converted again into an optical signal by an electric/optical modulator LD2 2e. This optical signal is 
outputted to the switch 3. Thus, it is not required to use the different wavelengths for the transmission and 
reception respectively. 
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CLAIMS 


[Claim(s)] 

[Claim 1] In the light wave length multiplex network system with which two or more node equipments have 
been arranged in the shape of a star, and were constituted focusing on the star coupler and which has 
physical star-like network configuration The electrical and electric equipment / an optical conversion means 
to change an electrical signal into the lightwave signal of two or more above-mentioned node equipments 
which has the wavelength of a proper to each node equipment, and to output it, respectively, The inside of 
the lightwave signal by which was outputted from above-mentioned electrical and electric equipment / 
optical conversion means in each node equipment, and multiplex was carried out in the above-mentioned 
star coupler, the light/electrical and electric equipment which changes into an electrical signal the lightwave 
signal which passed a filter means to pass only the lightwave signal of the specific wavelength beforehand 
set up so that logic network configuration might become ring-like, and the above-mentioned filter means 
strange Light wave length multiplex network system characterized by having 

[Claim 2] The light wave length multiplex network system characterized by performing a switch in a packet 
unit in the above-mentioned packet path switching unit while connecting a packet path switching unit to the 
above-mentioned node equipment and performing routing only based on wavelength with each node 
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equipment in a light wave length multiplex network system according to claim 1. 
[Claim 3] The light wave length multiplex network system characterized by forming above-mentioned 
electrical and electric equipment / optical conversion means, the above-mentioned filter means, and two or 
more star coupler every sets of above-mentioned light / electric conversion means in the above-mentioned 
node equipment in a light wave length multiplex network system according to claim 1 when two or more 
above-mentioned star couplers exist. 

[Claim 4] It is the light wave length multiplex network system characterized by the ability to change the 
passage wavelength of the above-mentioned filter means into arbitration suitably in a light wave length 
multiplex network system according to claim 1, 2, or 3. 

[Claim 5] It is the light wave length multiplex network system characterized by being suitably changed based 
on the control signal from the server equipment connected to the above-mentioned star coupler as well as 
the node equipment with which the passage wavelength of the above-mentioned filter means has the filter 
means concerned in a light wave length multiplex network system according to claim 4. 
[Claim 6] The light wave length multiplex network system characterized by having a splitter means to 
distribute the lightwave signal inputted into the above-mentioned node equipment from a star coupler from 
server equipment to a user data signal and a control signal based on the wavelength in a light wave length 
multiplex network system according to claim 5, and to output only a user data signal to the above-mentioned 
filter means. 

[Claim 7] In a light wave length multiplex network system according to claim 5 to the above-mentioned 
server equipment A filter means to carry out sequential passage of the lightwave signal of specific 
wavelength changed more nearly periodically than the lightwave signal by which multiplex was carried out in 
the above-mentioned star coupler, Light / an electric conversion means to change into an electrical signal 
the lightwave signal which passed the above-mentioned filter means, and the lightwave signal outputted from 
each node equipment are a light wave length multiplex network system characterized by having the electrical 
and electric equipment / an optical conversion means to output the lightwave signal of the wavelength which 
differs in a band. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the light wave length multiplex network system which 

realizes packet communication by the lightwave signal. 

[0002] 

[Description of the Prior Art] In recent years, the wavelength multiplexing network system attracts attention 
as an optical network system suitable for improvement in the speed and large-scale~ization. Here, the 
system of reference 1 is explained to an example about the wavelength multiplexing network system by 
which the conventional proposal is made. 

[0003] Reference 1: "Optically Restorable WDM Ring Network Using Simple Add/Drop Circuitry" 
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Bernard Glance and et al Journal of Lightwave Technology vol.14 no.1 and pp.2453-2456 nov 1996. — this 
wavelength multiplexing network system consists of node equipment connected with two ring-like 
transmission lines which differ in the transmission direction, and the two transmission lines concerned 
through the optical switch, respectively, an ATM (Asynchronous Transfer Mode) switch which distributes a 
transmission eel, and an optical coupler which branches the output of an ATM switch. 
[0004] Even if failure etc. arises, the features of this network system will be being able to use it, without 
suspending the network system concerned, if the connection relation between each node equipment and a 
ringHike transmission line is replaced before and behind a failure part. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in the wavelength multiplexing network system of a 
configuration of having mentioned above, since the connectable number of nodes is restricted to the number 
of circuit of an ATM switch, it is not suitable for large-scale-izing of a system, and extension of node 
equipment. 

[0006] For example, when switching capacity of an ATM switch was set to 2.5Gbps and transmission speed 
per [ which is connected ] circuit was set to 155Mbps(es), only 16 node equipments were connectable. 
[0007] Moreover, in this network system, in order to use the wavelength in which transmission wave length 
differs from received wavelength, the number twice the number of wavelength of of nodes is needed, and the 
number of operating wavelength also increases (with the present wavelength multiplexing technique, about 
32 waves of multiplicities are needed). 

[0008] It was made in order that this invention might solve this technical problem, and large-scaleHzing of a 
system etc. is easy, and tends to propose the wavelength multiplexing network system which does not need 
the number of wavelength to be used more than the number of nodes, either. 
[0009] 

[Means for Solving the Problem] In order to solve this technical problem, in this invention, it is characterized 
by having the following means in the light wave length multiplex network system with which two or more 
node equipments have been arranged in the shape of a star, and were constituted focusing on the star 
coupler and which has physical star-like network configuration. 

[0010] That is, two or more node equipments are (1), respectively. The electrical and electric equipment / an 
optical conversion means to change an electrical signal into the lightwave signal which has the wavelength of 
a proper to each node equipment, and to output it, (2) Inside of the lightwave signal by which was outputted 
from the electrical and electric equipment / optical conversion means in each node equipment, and multiplex 
was carried out in the star coupler, A filter means to pass only the lightwave signal of the specific 
wavelength beforehand set up so that logic network configuration might become ring-like, and (3) It is 
characterized by having light / an electric conversion means to change into an electrical signal the lightwave 
signal which passed the filter means. 

[001 1] Thus, in this invention, even if a failure occurs to node equipment etc. by setting up appropriately the 
wavelength which passes a filter means for the network system which takes the configuration of a star mold 
physically, and building the network system of a ring type logically, it becomes possible to avoid 
communication failure only by changing the passage wavelength of a filter means. 
[0012] Moreover, since going up and going down use the lightwave signal of the same wavelength for a 
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communication link, as compared with tine former, the use effectiveness of wavelength is high, can make 
[ many ] the number of node equipment connectable with a network system from a limit of the wavelength 
which can carry out multiplex, and can apply to a large-scale network system. 
[0013] 

[Embodiment of the Invention] 

(A) Explain the 1st operation gestalt of the wavelength multiplexing network system concerning this 

invention using a drawing below the 1st operation gestalt. In addition, the ATM network system shall be 

connected to the low order hierarchy of each node equipment in the following explanation. 

[0014] (A-~1) **** of the node equipment which constitutes a wavelength multiplexing network system and 

this — the wavelength multiplexing network system concerning this operation gestalt is physically 

characterized by using logically the network system constituted in the shape of a star as a ring~like 

configuration. 

[0015] Hereafter, the configuration of the wavelength multiplexing network system which has this 
configuration is explained. Drawing 1 is a block diagram showing the physical configuration of the wavelength 
multiplexing network system concerning the 1st operation gestalt. 

[0016] As shown in drawing 1 . this wavelength multiplexing network system consists of an optical branch 
circuit (henceforth a star coupler) 1 , two or more node equipments 2 arranged in the shape of a star focusing 
on this, and two or more ATM switches 3 connected to the low order of each node equipment. 
[0017] Among these, node equipment 2 is a configuration peculiar to this operation gestalt, and consists of 
the input/output terminals a and b used for connection with the ATM switch 3, the input/output terminals c 
and d used for connection with a star coupler 1 . light/electric transducers 2a and 2d (0/E), the electrical 
and electric equipment / phototransducer (LD1, LD2) 2b and 2e, and adjustable wavelength filter 2c. 
[0018] In addition, the transmitting system of node equipment 2 is constituted by input terminal a, light / 
electric transducer (0/E) 2a, electrical-and-electric-equipment/phototransducer (LD1), and output 
terminal 2c among these configurations, and the receiving system is constituted by an input terminal d, 
adjustable wavelength filter 2a, 2d (0/E) of light/electric transducers, and the electrical and electric 
equipment / phototransducer (LD2) 2e. 

[0019] Here, light / electric transducer (0/E) 2a, and the electrical and electric equipment / 
phototransducer (LD2) 2e are the interface circuitries for connecting node equipment 2 with the ATM switch 
3, respectively, 

[0020] Among these, the former is a means used for changing into an electrical signal the lightwave signal 
inputted from the input terminal a. On the other hand, the latter is a means used for changing an electrical 
signal into a lightwave signal and outputting to an output terminal b. and oscillates the light wave length of 
1310nm band. 

[0021] Incidentally, it is a circuit used when connecting node equipment 2 and the ATM switch 3 with a 
lightwave signal, and this interface circuitry is unnecessary when connecting node equipment 2 and the ATM 
switch 3 with the interface of an electrical signal. 

[0022] However, since an error rate becomes it large that the transmission speed of an interface part is 
high-speed in using an electrical signal for an interface, in the case of this operation gestalt. the lightwave 
signal is used for the interface of the ATM switch 3 and each node equipment 2. 
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[0023] The electrical and electric equipment / phototransducer (LD1) 2b is luminescence means to oscillate 
by the predetermined light wave length of 1550nm band, and is oscillated on the wavelength W1-Wn of the 
proper currently assigned to each node equipment. 

[0024] Adjustable wavelength filter 2c is a filter which passes only the lightwave signal of the wavelength set 
as arbitration, and the passage wavelength has composition which can be changed suitably. In addition, with 
this operation gestalt, the passage wavelength of this adjustable wavelength filter 2c has set up so that logic 
network configuration may become ring-like, and the passage wavelength of each node equipment may not 
overlap the passage wavelength of other node equipments. 

[0025] Light / 2d (0/E) of electric transducers are the means used for changing into an electrical signal the 
lightwave signal which passed adjustable wavelength filter 2c among the lightwave signals inputted from the 
input terminal d, 

[0026] (A~2) Explain exchange actuation of the eel seen from the physical network, then exchange actuation 
of the eel in the wavelength multiplexing network system which has the above configuration. Here, it explains 
to a certain node equipment as that into which the lightwave signal of 1310nm band was inputted from the 
ATM switch 3 located in the low order hierarchy. 

[0027] If this lightwave signal is inputted from an input terminal a, it will be changed into an electrical signal 
in light / electric transducer (0/E) 2a. This electrical signal is changed into the lightwave signal of 1550nm 
band in the electrical and electric equipment / phototransducer (LD1) 2b, and is outputted to a star coupler 
1 from an output terminal c. 

[0028] In addition, each output wavelength of a lightwave signal changes with node equipment 2 outputted. 
Here, although wavelength spacing changes with wavelength multiplexing techniques, in the case of the 
present system, the spacing is O.Snm spacing. Thus, the lightwave signal of the wavelength [ equipment / 
each / node ] shifted little by little will be outputted. and multiplex will be carried out by the star coupler 1. 
[0029] Each lightwave signal by which multiplex was carried out is inputted to all the node equipments 2 
connected to the star coupler 1 by the star coupler 1 . However, since adjustable wavelength filter 2c of each 
node equipment 2 has the passage wavelength of a proper, respectively, only the lightwave signal of the 
passage wavelength concerned and the congruous wavelength is actually processed within node equipment 
2. 

[0030] After the selected lightwave signal is changed into an electrical signal in light / 2d (0/E) of electric 
transducers, it is inputted into the electrical and electric equipment / phototransducer (LD2) 2c located in 
the next step, and is changed into the lightwave signal of 1310nm band. 

[0031] And finally it is outputted to the ATM switch 3 located in the low order from an output terminal b. 
Thus, in the wavelength multiplexing network system of this configuration, since it is not necessary to use 
separate wavelength on transmission wave length and received wavelength, it is possible to connect to a 
network system the node equipment for several wavelength minutes by which multiplex is carried out. 
[0032] In addition, in an optical network system, since attenuation of a lightwave signal occurs in each 
optical device which constitutes a system, respectively, the technique of compensating this with an optical 
amplifier is taken. However, the light wave length band which can be amplified to an optical amplifier has a 
limit, and it is about 30nm in the present condition. 

[0033] Therefore, if wavelength multiplexing will be performed at intervals of [ of O.Snm ] wavelength within 
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the limits of this, that multiplicity will turn into 32 wave extent. That is, it becomes possible to connect 32 
node equipments to a network. 

[0034] (A-3) Explain the setting approach of an adjustable wavelength filter, next the concrete setting 
approach of the passage wavelength of adjustable wavelength filter 2c used with this operation gestalt. He is 
trying for logical structure to serve as a ring configuration shown in drawing 2 in this operation gestalt by 
setting up the passage wavelength of each adjustable wavelength filter 2c so that the passage wavelength of 
other node equipments may not be overlapped, as mentioned above. 

[0035] For example, in order to make the transmission direction into a clockwise rotation (right-handed 
rotation) in the case of the ring configuration of drawing 2 , it is set as the wavelength on which the node 
equipment located in a counterclockwise rotation side (left-hand side) to each node equipment oscillates 
the passage wavelength of adjustable wavelength filter 2c of each node equipment 2. Thus, the sequence of 
ring-like node equipment can be freely changed without modification of a physical configuration by setting 
selection wavelength as a meaning. 

[0036] (A~4) Explain concretely exchange actuation of the seen eel, then the data transfer actuation 
between node equipment using drawing 3 from a logic network. Here, the case where data are transmitted to 
terminal #2 connected to node equipment #4 from terminal #1 ****(ed) by node equipment #2 is explained. 
[0037] First, the eel outputted from terminal #1 has the destination distinguished with the ATM switch 3 of 
node equipment #2. and is outputted to the transmitting side of node equipment #2. 

[0038] Next, this eel is transmitted to node equipment #3 from node equipment #2, and is outputted to the 
ATM switch 3 connected to node equipment #3. 

[0039] The eel which had the destination distinguished with this ATM switch 3 is returned to node equipment 
#3 (outputted to a transmitting side). 

[0040] Furthermore, this eel is transmitted to node equipment #4 from node equipment #3. and is outputted 
to the ATM switch 3 connected to node equipment #4. 

[0041] And finally the eel which had the destination distinguished with the ATM switch 3 is outputted to 
terminal #2. 

[0042] Thus, as for data transfer, data reach the purpose terminal through node equipment and an ATM 
switch. 

[0043] (A-5) Explain the change-over approach of the path at the time of generating of the change-over 
approach of a path (optical bus), then failure, etc. There are two kinds of causes of generating of a path 
change-over. One side is based on node failure and another side is based on concentration of traffic (load). 
[0044] First, the change-over approach of the path in node failure is explained using drawing 4 and drawing 
5 . For example, when failure arises in node equipment #3 in drawing 4 , the communication path from node 
equipment #2 to node equipment #4 will break off. That is, a network will stop. 

[0045] In this case, a problem is solvable if node equipment #3 can be removed from a transfer path. How to 
remove does not add modification at all about the passage wavelength of node equipment #2, but only 
changes the passage wavelength of adjustable wavelength filter 2c of node equipment #4 to the wavelength 
which node equipment #2 oscillate. 

[0046] Thus, although it seems to have transmitted to node equipment #4 from node equipment #3 from 
node equipment #2 node equipment #3 physically when it switches, node equipment #3 would be logically 
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removed like drawing 5 , and it will have transmitted to node equipment #4 from node equipment #2. 
[0047] Next, the change-over approach of the path at the time of concentrating traffic is explained using 
drawing 6 and drawing 7 . In drawing 6 . the communication link to node equipment #7 from node equipment 
#1, the communication link to node equipment #6 from node equipment #2, and when the communication link 
to node equipment #5 from node equipment #3 occurs further (however, each communication link shall be a 
heavy load), a load will focus on node equipment #5. Although based also on the throughput of the ATM 
switch 3, it may become impossible in this case, to be unable to process no communication links (a packet 
loss occurs). 

[0048] In order to avoid concentration of such a load, the technique of changing the sequence (transfer 
sequence) of node equipment is taken. That is, as shown in drawing 7 (B), it changes in order of node 
equipment #1 ~> node equipment #7 node equipment #2 -> node equipment #6 -> node equipment #3 -> 
node equipment #4 -> node equipment #5 -> node equipment #8. Thus, concentration of a load is avoidable 
if the transfer sequence between node equipment is changed, 

[0049] the passage wavelength of adjustable wavelength filter 2c which constitutes node equipment #2 for 
the passage wavelength of adjustable wavelength filter 2c from which this change constitutes node 
equipment #7 on the oscillation wavelength W1 of node equipment #1 — the oscillation wavelength W7 of 
node equipment #7 — ** — what is necessary is just to only set it as the condition to say 
[0050] (A-6) the effectiveness of the 1st operation gestalt — as mentioned above, according to the 1st 
operation gestalt. when the passage wavelength of adjustable wavelength filter 2c of each node equipment 
arrange in the shape of a star focusing on a star coupler be set up suitably and it be made for the logic 
network configuration to become ring-like, even if a failure arise, logic network configuration can be change 
and a network halt can be avoid. 

[0051] Moreover, the large-scale wavelength multiplexing network system which can connect the node 
equipment for wavelength many load resultant pulse numbers is realizable. 

[0052] Thereby, it is applicable also to a high speed and a large-scale network, and moreover, if it is in a limit 
of wavelength many load resultant pulse numbers, a system also with easy extension is realizable. 
[0053] (B) Explain the 2nd operation gestalt, next the 2nd operation gestalt of the wavelength multiplexing 
network system concerning this invention using a drawing. 

[0054] In a starting-lst above-mentioned operation gestalt network system, while who says who switches 
an adjustable wavelength filter, there is a title, for example, the packet which goes via node equipment if 
each user carries out scatteringly — a missing child (destination node equipment is never reached) a 
situation may also be produced. Therefore, it is necessary to change all collectively. 

[0055] Then, in this 2nd operation gestalt. a server is prepared on a network system and a server changes 
the passage wavelength of all adjustable wavelength filter 2c. 

[0056] (B-1) Explain the configuration of the node equipment connected to correspondence with the block 
diagram 1 of the node equipment which constitutes a wavelength multiplexing network system and this, and 
the same part at a server using correspondence and drawing 8 which attaches and shows the same sign, and 
the configuration of a network system. This 2nd operation gestalt consists of a configuration of having added 
the server to the configuration of the 1 st operation gestalt so that drawing 8 may show. 
[0057] First, although it is the configuration of a server, the server consists of a terminal 5 for performing 
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processing like software, and node equipment 4 which performs hard processing. Since the configuration and 
algorithm of software are not directly related to this invention, the internal configuration of a terminal 5 and 
explanation of software are omitted. 

[0058] Here, the configuration of the node equipment (S) 4 which a server uses is explained. As shown in 
drawing 8 , node equipment (S) 4 consists of the electrical and electric equipment / phototransducer (LD2) 
4a, adjustable wavelength filter 4b, light / electric transducer (O/E) 4c, and demultiplexer (DEMUX) 4d. 
[0059] Among these, the electrical and electric equipment/phototransducer (LD2) is luminescence means to 
oscillate by the light wave length of 1310nm band, like the electrical and electric equipment/phototransducer 
(LD2) explained in the 1st operation gestalt It is the filter means established in order that adjustable 
wavelength filter 4b might receive the lightwave signal from each node equipment, and the passage 
wavelength is changed periodically. This point differs from the 1st operation gestalt. 
[0060] Moreover, demultiplexer (DEMUX) 4d is a means which separates and takes out the eel by which 
multiplex was carried out in the ATM switch 3. In addition, although omitted all over drawing, the selector is 
prepared in the this demultiplexer (DEMUX) 4d latter part, and the eel separated in the demultiplexer 
(DEMUX) is chosen according to a channel. 

[0061] Reception actuation of a server is shown in drawing 9 . As shown in drawing 9 , a server operates by 
choosing periodically the channel assigned for every wavelength W1-Wn of each node equipment and 
terminal (scanning) so that the information on all the terminals belonging to the low order hierarchy of each 
node equipment may be received. 

[0062] Although there is no principle special about the sequence of selection, for example about what has 
many frequency, it may be made to make multiple-times selection among one period here. On the contrary, 
about what has few frequency, you may carry out as it is chosen once as two periods. That is, if the count of 
selection of one period is adjusted in accordance with each frequency, it is possible to raise network 
effectiveness. 

[0063] Next, the configuration of the node equipment 2 formed in a user side is explained. Although the 
configuration of node equipment 2 is fundamentally the same as the configuration of the 1st operation 
gestalt, they differ in that the circuit which enables package control from a server is added to the 
configuration. 

[0064] That is, in addition to the configuration in the 1 st operation gestalt, in the node equipment 2 in this 

operation gestalt, it has the composition of having formed splitter 2f, 2g (O/E) of light/electric transducers, 

2h of control circuits, and the electrical and electric equipment/phototransducer (LD2). 

[0065] among these, the spectrum for dividing the light wave length of 1310nm band, and the light wave 

length of 1550nm band splitter 2f — it is a means. Here, the light wave length of ISIOnm band is the signal of 

a control system, and the light wave length of 1 550nm band is the signal of a data system. 

[0066] 2h of control circuits is constituted so that setting modification of the passage wavelength of 

adjustable wavelength filter 2c and change-over control of the ATM switch 3 may be performed based on 

the control signal from a server. For this reason, based on header information, the function which divides the 

inputted signal into the control signal of adjustable wavelength filter 2c and the control signal of the ATM 

switch 3 is prepared in 2h of control circuits. 

[0067] The internal configuration of 2h of control circuits is shown in drawing 1 0 . 2h of control circuits 

9 


11-41270 

consists of four circuits of 4 2h 1 , selector 2h2, and 2h [ of eel (packet) separation circuits ] 3 and 2h of 
change-over control circuits of header judging circuits. 

[0068] Here. 2h of header judging circuits, while 1 sends out the inputted eel to selector 2h2 of the latter 
part, it is a means to control selector 2h2 based on DDA information to that of a cel. 

[0069] It is the means which switches the output destination change of the eel inputted based on control of 
1 2h of header Judging circuits, selector 2h2 are outputted to 3 2h of eel separation circuits, when it is the 
eel by which an input eel controls adjustable wavelength filter 2c, and when it is the eel which controls the 
ATM switch 3, they are outputted to the electrical and electric equipment / phototransdueer (LD2) 2i. In 
addition, the lightwave signal after conversion is given to the ATM switch 3. 

[0070] 3 is a circuit which extracts control data from the control eel of adjustable wavelength filter 2c 2h of 
eel separation circuits. 2h of change-over control circuits, based on the extracted control data. 4 generates 
the change-over signal which carries out change-over control of the passage wavelength of adjustable 
wavelength filter 2c, and outputs this. 

[0071] By the above configuration, the logical system configuration of this wavelength multiplexing network 
system turns into a configuration as shown in drawing 1 1 . any of node equipment #1-#8 by the side of the 
user who was connected in the shape of a ring in the case of the network system concerning this 2nd 
operation gestalt so that it might understand, if it compared with drawing 2 showing the logical organization 
of the network system concerning the 1 st operation gestalt — although — it has the node equipment 4 by 
the side of a server (S). and composition ****(ed) altogether. 

[0072] (B-2) Explain change-over actuation of passage wavelength, then change-over actuation of the 
wavelength by the wavelength multiplexing network system concerning this 2nd operation gestalt. In addition, 
since exchange actuation of an optical eel is the same as that of the 1st operation gestalt, the explanation 
about the part is omitted. 

[0073] Here, the server should receive the alarm signal from node equipment, and should detect the 
abnormalities of node equipment. In this ease, by scanning all the channels of each wavelength periodically 
based on drawing 9 , a server grasps the traffic situation in that time, is the timing to which the 
communication link broke off, and transmits the control eel which directs the change of the passage 
wavelength of that adjustable wavelength filter 2e to the node equipment 2 by the side of a user. In addition, 
since **** of an ATM network system performs data transfer after setting up a call, after it stops a setup of 
a call, it transmits the control eel which controls the passage wavelength of adjustable wavelength filter 2c. 
[0074] Here, the wavelength information which the node equipment changes to the information on the node 
equipment which switches is included in the data of the control eel transmitted. 

[0075] Drawing 12 shows the case where a failure is in node equipment #3. Node equipment #3 output an 
alarm signal and a server receives this signal. And traffic is checked with a scan and a change-over signal is 
outputted to node equipment #4 to suitable timing. With the signal from a server, node equipment #4 change 
the passage wavelength of adjustable wavelength filter 2c into W2 from W3 till then. Thereby, a network halt 
is avoided. 

[0076] In addition, the approach of changing a path (optical bus) according to the situation of traffic is 
difficult. It is because the hits of the transmission line are carried out at the time of a change. Therefore, the 
change by concentration of traffic must be performed by carrying out a certain amount of prediction. 
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[0077] (B-3) the effectiveness of the 2nd operation gestalt ~ since a server manages the whole network 
system and the passage wavelength of adjustable wavelength filter 2c of the node equipment 2 which has a 
server in a user side is switched under the management in the time of an abnormal occurrence etc. as 
mentioned above according to the 2nd operation gestalt, node device failure is exactly [ quickly and ] 
avoidable. 

[0078] (C) Explain the 3rd operation gestalt, next the 3rd operation gestalt about the wavelength multiplexing 
network system concerning this invention using a drawing. In addition, this operation gestalt is an operation 
gestalt on condition of the system configuration concerning the 2nd above-mentioned operation gestalt, and, 
specifically, is an operation gestalt about the communication mode which realizes the communication link 
between the user terminals of arbitration. Therefore, the basic configuration and activity are the same as the 
case of the 2nd operation gestalt 

[0079] (C-1) a communication mode — here explains the communication procedure between user terminals 
using drawing 20 and drawing 21 . In addition, drawing 20 expresses the communication path formed between 
a server and a user terminal, and drawing 21 expresses the outline of the communication procedure 
performed in case a user 1 performs data transfer to a user 2. 

[0080] The server is scanning whether there is any commo data from the user terminal which has switched 
the combination of the node equipment (wavelength) and the channel to receive one by one. and is specified 
in combination to a server by changing a demultiplexer (DEMUX) 4d selector to adjustable wavelength filter 
4b periodically. 

[0081] By the way. a demand eel is repeated and a user terminal 1 is continuing transmitting until the check 
of the demand eel of self-equipment having been received from the server is notified. 
[0082] Soon, in accordance with the channel of a user terminal 1 . the demand eel of a user terminal 1 is 
received for the channel which a server receives. 

[0083] Then, while a server continues scanning actuation, it answers ACK (response of reception) which 
notifies having received the demand eel from the terminal concerned normally to the user terminal 1 to a 
user terminal 1 by the multicast method. 

[0084] A user terminal 1 will stop transmission of a demand eel, if this ACK is received. 
[0085] On the other hand, a server transmits a setting eel (the notice of a demand, and setup of an ATM 
switch) required in order to set up a call by the multicast method following transmission of this ACK. When 
these reach both user terminals 1 and 2. a call is set up among both. 

[0086] A user terminal 1 starts a data transfer to a user terminal 2 this back. The above is the situation of 
the communication procedure performed at the time of the communication link between users. 
[0087] (C-2) the effectiveness of the 3rd operation gestalt — as mentioned above, according to the 3rd 
operation gestalt when all user terminals can access with a server, a setup of a call is attained in advance of 
communication link initiation. 

[0088] Moreover, in the same network, since it can communicate with a server, network installation is simple. 
[0089] (D) Explain the 4th operation gestalt. then the 4th operation gestalt of the wavelength multiplexing 
network system concerning this invention using a drawing. In addition, it is an operation gestalt on condition 
of the system configuration which starts the 2nd above-mentioned operation gestalt also about this 
operation gestalt. and is the same as that of the configuration of the 2nd operation gestalt about other 
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configurations except the point which differs in the configuration of server node equipment. Therefore, the 
following explanation explains only about the difference. 

[0090] (D-1) The configuration of server node (equipment S) 4' concerning this operation gestalt is shown in 
the block diagram 1 5 of server node equipment. In addition, drawing 15 attaches and shows correspondence 
and the same sign to correspondence with drawing 8 . and the same part, 

[0091] In addition to the configuration of the server node equipment (S) explained with the 2nd operation 
gestalt, server node (equipment S) 4' concerning this operation gestalt differs in that 4h of monitor circuits 
which supervise virtual channel (VC) filter 4e which identifies the header of a eel, buffer 4f, selector 4g, and 
a traffic situation was newly prepared so that drawing 15 may show. 

[0092] In addition, the eel of each channel which branched in demultiplexer (DEMUX) 4d is given to VC filter 
4e and selector 4g through the signal line which corresponds, respectively. 

[0093] Moreover, buffer 4f, when the eel addressed to a server reaches two or more coincidence, since eel 
abandonment is not produced, it is prepared. 

[0094] (D-2) Explain reception actuation of server node equipment, next the actuation in the wavelength 
multiplexing network system which has server node equipment of the above configuration. However, since 
activity other than server node equipment 4' is the same as that of the 2nd operation gestalt, it explains only 
difference here. 

[0095] Two or more wavelength by which multiplex was carried out on the star coupler 1 is inputted into 
adjustable wavelength filter 4b which constitutes server node equipment 4'. Here, since the passage 
wavelength of adjustable wavelength filter 4b is periodically switched by the control signal given from the 
server terminal 5, only any one wavelength is periodically outputted to latter light / electric transducer 
(0/E) 4c among the wavelength by which multiplex is carried out. 

[0096] By the way, although multiplex [ of the eel of two or more channels corresponding to terminal each 
belonging to the low order hierarchy of the node equipment corresponding to the wavelength concerned ] is 
carried out to each wavelength, these are separated in demultiplexer (DEMUX) 4d. 

[0097] The multiplex eel separated by the demultiplexer (DEMUX) is given to the VC filters 4e and 4g. Here, 
VC filter 4e passes only the eel addressed to a server from a eel header. That is, only a required eel is 
sampled out of a lot of data so that drawing 16 may show (a eel "1", "2", ''3", and "4" sample, and the eel 
expressed with the slash is discarded.), 

[0098] In the case of this 4th operation gestalt, this means that it becomes unnecessary to scan about no 
channels like the 2nd operation gestalt. Therefore, scanning time amount turns into only time amount of the 
wavelength scan performed by adjustable wavelength filter 4b, and can guarantee more nearly high-speed 
actuation as compared with the 2nd operation gestalt. For example, when wavelength used in a network is 
made into 1 6 waves and reading time amount per wave is further set to 2ms, the time amount which one 
period takes is good in 32ms. 

[0099] Next, monitor actuation of a traffic situation is explained. Although the multiplex eel separated in 
demultiplexer (DEMUX) 4d is made to input into selector 4g in this operation gestalt as mentioned above, 
this selector 4g, each channel is chosen periodically and the eel of the selected channel is counted in 4h of 
monitor circuits. A count result will be passed to a server terminal from 4h of monitor circuits, and the 
monitor of the traffic situation in a server terminal of it is attained. 
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[0100] In addition, although the selector 4g change-over signal is given from the server terminal, you may 
make it give what was generated using the timer within node equipment about this change-over signal in 
drawing 1 5 . However, if it is made to give from a server terminal, there is an advantage which can set up 
spacing of selection flexibly. 

[0101] (D-3) the effectiveness of the 4th operation gestalt ~ since it is not necessary to consider scanning 
actuation in server node equipment 4' only as the scan of selection wavelength, and to perform scanning 
actuation of a channel as mentioned above according to the 4th operation gestalt, total time amount which a 
scan takes can be shortened. That is, compaction of the time amount which call connection takes is 
realizable. 

[0102] (E) Explain the 5th operation gestalt, then the 5th operation gestalt of the wavelength multiplexing 
network system concerning this invention using a drawing. 

[0103] The wavelength multiplexing network system concerning this 5th operation gestalt is characterized 
by installing the network configuration concerning the 1st operation gestalt in a duplex. That is, if another 
system is normal even if system of one of the two breaks down while realizing distributing concentration of a 
load and communicating efficiently by supposing that network configuration is double, although 
communication link effectiveness may fall, it will enable access with other node equipment. 
[0104] (E-1) Explain the configuration of node equipment, and the configuration of a network system to 
correspondence with the block diagram 1 of the node equipment which constitutes a wavelength multiplexing 
network system and this, and the same part using correspondence and drawing 1 7 which attaches and shows 
the same sign. 

[0105] The network system concerning the 5th operation gestalt consists of star-like networks (on a 
physical network) of the duplex centering on two star couplers 1 so that the above-mentioned explanation 
and drawing 17 may show. 

[0106] For this reason, two configurations of the node equipment explained with the 1st operation gestalt 
are prepared for each node equipment 2 corresponding to each star-like network. That is, the transmitting 
system of the node equipment 2 concerning this operation gestalt consists of light / an electric transducer 
(0/E) two a1 and two a2. and the electrical and electric equipment / phototransducer (LD1, LD2) 2b1 and 
2b2 of a pair. Moreover, the receiving system of node equipment 2 consists of 1 and 2d2, and the electrical 
and electric equipment / phototransducer (LD3, LD4) two el and two e2 the adjustable wavelength filter 2c1 
of a pair and 2c2, and 2d (0/E) of light/electric transducers. 

[0107] In addition, the electrical and electric equipment / phototransducer (LD1. LD2) 2b1, and 2b2 of a 
transmitting system are a luminescence means to all oscillate the light wave length of 1550nm band, and 
each of electrical and electric equipment / phototransducers two el of a receiving system (LD3. LD4). and 
two e2 is luminescence means to oscillate the light wave length of 1310nm band. 

[0108] By the way. it is an interface circuitry which is needed when making the interface of node equipment 
2 and the ATM switch 3 into a lightwave signal, as explained also in the 1st operation gestalt, and when the 
light / electric transducer two a1 of a transmitting system (0/E) and two a2, and the electrical and electric 
equipment / phototransducer two el of a receiving system (LD3, LD4), and two e2 use an electrical signal as 
an interface, it is unnecessary. 

[0109] In addition, also in this operation gestalt. it explains to the interface of node equipment 2 and the ATM 
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switch 3 too as what uses a lightwave signal. This is because an error rate becomes it large that the 
transmission speed of an interface part is high-speed. 

[01 10] (E--2) Explain exchange actuation of the eel seen from the physical network, then exchange actuation 
of the optical eel performed in the wavelength multiplexing network system which has the above 
configuration. 

[0111] The lightwave signal of 1310nm band is independently inputted into each node equipment through a 
respectively different network from the ATM switch 3 located in the low order hierarchy. Once the lightwave 
signal concerned is changed into an electrical signal using the light / electric transducer two a1 of the 
network which corresponds, respectively (0/E), and two a2, it is changed into the lightwave signal of 1550nm 
band, and is outputted to a star coupler 1 by the electrical and electric equipment / phototransducer (LD1, 
LD2) 2b1, and 2b2. 

[0112] Here, each wavelength of the lightwave signal outputted from each of the electrical and electric 
equipment / phototransducer (LD1. LD2) 2b1. and 2b2 is the same. In addition, as for the wavelength of this 
lightwave signal, the wavelength of a proper is assigned for every node equipment. Although wavelength 
spacing of the lightwave signal outputted from each [ these ] node equipment 2 is based also on a 
wavelength multiplexing technique, the present condition is O.Snm spacing. 

[0113] Thus, from each node equipment the lightwave signal which differs in wavelength little by little is 
outputted. and multiplex is separately carried out on two star couplers 1 . 

[01 14] Thus, although the lightwave signals W1-Wn by which multiplex was carried out on the star coupler 1 
will be inputted into node equipment 2 from a star coupler 1 . only the lightwave signal of the adjustable 
wavelength filter 2c1 and the passage wavelength of 2c2 which constitute each node equipment, and 
wavelength in agreement is chosen like the case of the 1st operation gestalt. and they pass the filter 
concerned. 

[01 15] And the selected lightwave signal is changed into an electrical signal by 1 and 2d2 light / 2d (0/E) of 
electric transducers, is changed into the lightwave signal of 1310nm band in the electrical and electric 
equipment / phototransducer (LD3, LD4) two el, and two e2, and is outputted to the ATM switch 3, 
respectively. It is possible to connect the node equipment for wavelength many load resultant pulse numbers 
with a natural thing also in the case of this 3rd operation gestalt. 

[01 16] In addition, in an optical network system, since attenuation of a lightwave signal occurs in each 
optical device which constitutes a system, respectively, the technique of compensating this with an optical 
amplifier is taken. However, an optical amplifier has the light wave length band limit which can be amplified, 
and it is about 30nm in the present condition. 

[01 1 7] Therefore, if wavelength multiplexing will be performed at intervals of [ of O.Snm ] wavelength within 
the limits of this, that multiplicity will turn into 32 wave extent. That is. 32 node equipments are connectable 
with a network. 

[01 18] (E-3) As explained also in the setting approach of an adjustable wavelength filter, now the 1st 
operation gestalt, if the network system concerning this operation gestalt chooses suitably the passage 
wavelength of adjustable wavelength filter 2c which constitutes each node equipment, each node equipment 
can be logically connected in the shape of a ring. 

[01 19] That is, in the case of the 3rd operation gestalt, as shown in drawing 18 , the logical network 
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configuration serves as a double ring configuration. However, in the case of tliis drawing 18 , he has set up 
wavelength respectively different as two adjustable wavelength filters 2c1 which constitute each node 
equipment, and passage wavelength of 2c2, and is trying for the logic network-like transmission direction to 
serve as reverse sense mutually. 

[0120] Of course, selection of passage wavelength is free and good also as the passage wavelength with two 
adjustable wavelength filters 2c1 and 2c2. [ same ] Anyway, logic network configuration can be changed 
freely, without adding modification to physical network configuration, if the adjustable wavelength filter 2c1 
and the passage wavelength of 2c2 are changed. 

[0121] (E-4) Explain exchange actuation of the seen eel, then the data transfer actuation between node 
equipment using drawing 19 from a logic network. Here, the case where data are transmitted in both 
directions is explained among terminal #2 connected to terminal #1 connected to node equipment #2, and 
node equipment #4. 

[0122] First, the eel outputted from terminal #1 has the destination distinguished with the ATM switch 3 of 
node equipment #2, and is outputted to a clockwise (right-handed rotation) transmitting side to node 
equipment #2. Moreover, the eel outputted from one terminal #2 has the destination distinguished with the 
ATM switch 3 of node equipment #4, and is outputted to a counterclockwise (left-handed rotation) 
transmitting side to node equipment #4. 

[01 23] Thus, next, the eel outputted from terminal #1 is transmitted to node equipment #3 from node 
equipment #2, and is outputted to the ATM switch 3 connected to node equipment #3. On the other hand, 
the eel outputted from terminal #2 is also transmitted to node equipment #3 from node equipment #4. and is 
outputted to the ATM switch 3 which connects with node equipment #3. 

[0124] With the ATM switch 3 of node equipment #3, about each eel, if the destination is distinguished from 
the header, it will return to the transmitting system to which node equipment #3 correspond (about the eel 
outputted to the clockwise (right-handed rotation) transmitting system from terminal #2 about the eel 
outputted from terminal #1, it outputs to a counterclockwise (left-handed rotation) transmitting system). 
[0125] Furthermore, the eel outputted from terminal #1 is transmitted to node equipment #4 from node 
equipment #3, and is outputted to the ATM switch 3 connected to node equipment #4. Moreover, the eel 
outputted from terminal #2 is transmitted to node equipment #2 from node equipment #3, and is outputted to 
the ATM switch 3 connected to node equipment #2. 

[0126] And the eel outputted from terminal #1 has the destination finally distinguished with the ATM switch 
3 connected to node equipment #4, and reaches to terminal #2. On the other hand, finally, the eel outputted 
from terminal #2 has the destination distinguished with the ATM switch 3 connected to node equipment #2, 
and reaches to terminal #1. 

[0127] Thus, the eel outputted from the terminal reaches the target terminal through 1 or two or more node 
equipments 2. and the ATM switch 3. In addition, above-mentioned bidirectional data transfer can be carried 
out to coincidence also between another node equipment in a double ring like [ between the terminal 3 
shown in drawing 19 , and 4 ]. 

[0128] (E-5) Explain the change-over approach of the path at the time of generating of the change-over 
approach of a path (optical bus), then failure, etc. There are two kinds of causes of generating of a path 
change-over. The thing and another side which depend one side on node failure are based on concentration 
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of traffic (load). 

[0129] First, the change-over approach of the path in node failure is explained using drawing 20 and drawing 
21 . For example, when the receiving system for clockwise rotations (right-handed rotation) or transmitting 
system of node equipment #7 in drawing 21 breaks down, the communication path from node equipment #6 
to node equipment #8 will break off. That is, a clockwise (right-handed rotation) network will stop. 
[0130] In this case, a problem is solvable if node equipment #7 can be removed from a transfer path, how to 
remove — the passage wavelength of node equipment #6 — in any way — modification — not adding — the 
clockwise rotation (right-handed rotation) of node equipment #8 — business — what is necessary is just to 
change the selection wavelength of adjustable wavelength filter 2c to the wavelength which node equipment 
#6 oscillate 

[0131] Thus, although it seems to have transmitted to node equipment #8 from node equipment #7 from 
node equipment #6 node equipment #7 physically when it switches, node equipment #7 would be logically 
removed from the clockwise (right-handed rotation) ring like drawing 21 . and it will have transmitted to node 
equipment #8 from node equipment #6. 

[0132] In addition, about the ring of the circumference of an anti-clock (left-handed rotation), since the 
failure has not occurred, the terminal connected to node equipment #7 is not separated from a network. 
[0133] Next, the change-over approach of the path at the time of concentrating traffic is explained using 
drawing 22 and drawing 23 . In drawing 22 . both communication link between node equipment #1 and node 
equipment #6, the communication link to node equipment #7 from node equipment #8. and when the 
communication link to node equipment #8 from node equipment #5 occurs further (however, each 
communication link shall be a heavy load), a load focuses between node equipment #7 with which the path 
lapped, and node equipment #8, and there is a possibility that a eel loss may occur. 
[0134] In order to avoid concentration of such a load, the technique of changing the sequence (transfer 
sequence) of node equipment is taken. Namely, a clockwise (right-handed rotation) path is set to node 
equipment #1 -> node equipment #2 -> node equipment #3 -> node equipment #4 -> node equipment #5 -> 
node equipment #7 -> node equipment #8 -> node equipment #6 like drawing 23 . A counterclockwise 
(left-handed rotation) path is changed in order of node equipment #1 -> node equipment #6 -> node 
equipment #8 -> node equipment #7 -> node equipment #5 -> node equipment #4 -> node equipment #3 -> 
node equipment #2. Thus, concentration of a load is avoidable if the transfer sequence between node 
equipment is changed. 

[0135] This change should just set the passage wavelength of adjustable wavelength filter 2c which 
constitutes node equipment #1 for the passage wavelength of adjustable wavelength filter 2c which 
constitutes node equipment #6 for adjustable wavelength filter 2c which constitutes node equipment #7 on 
the oscillation wavelength W5 of node equipment #5 from a ring of the circumference of a clock 
(right-handed rotation) on the oscillation wavelength W8 of node equipment #8 as the oscillation wavelength 
W6 of node equipment #6. 

[0136] Moreover, what is necessary is just to set the passage wavelength of adjustable wavelength filter 2c 
which constitutes node equipment #5 for the passage wavelength of adjustable wavelength filter 2c which 
constitutes node equipment #8 for the passage wavelength of adjustable wavelength filter 2c which 
constitutes node equipment #6 on the oscillation wavelength W1 of node equipment #1 from a 
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counterclockwise (left-handed rotation) ring on the oscillation wavelength W6 of node equipment #6 as the 
oscillation wavelength W7 of node equipment #7. At this time, the transfer sequence between node 
equipment becomes like drawing 24 . 

[0137] (E~6) the effectiveness of the 5th operation gestalt — according to the 5th operation gestalt, as 
mentioned above, the degree of freedom of modification of the logic network at the time of generating a 
failure can be raised more to node equipment etc. by making a ring configuration into a duplex and having 
enabled it to realize a transfer of a eel based on the transfer path set up according to the individual, 
respectively. 

[0138] The terminal connected to the node equipment which the failure generated by this can avoid a failure, 
without being separated from a network. 

[0139] Moreover, concentration of traffic is avoidable similarly by reconfigurating the optimal logical network 
also by **** which the bidirectional heavy load communication link generated. 

[0140] Furthermore, since connection of the node equipment for wavelength many load resultant pulse 
numbers is possible, if it is in a limit of wavelength many load resultant pulse numbers, extension will also be 
possible [ a high speed and a large-scale network can be built, and ]. 

[0141] (F) although the case where the network system applied to the 1st operation gestalt in the 5th 
above-mentioned operation gestalt which is other operation gestalten was formed in a duplex was described 
— not only this but the 2- also when forming the network system concerning the 4th operation gestalt in a 
duplex, it can apply. In addition, the terminal which generalizes two servers may be prepared in this case. 
[0142] Moreover, in the 5th above-mentioned operation gestalt, although the network system was 
considered as the double configuration, of course, it is not restricted to this and you may carry out multiplex 
[ of the three or more network systems ]. 

[0143] furthermore, above-mentioned the 1- in the 5th operation gestalt, although the case where a eel was 
transmitted was described, when transmitting a packet, or when transmitting a frame, it can apply. 
[0144] 

[Effect of the Invention] As mentioned above, it is (1) to each of two or more node equipments which 
constitute a light wave length multiplex network system according to this invention. The electrical and 
electric equipment / an optical conversion means to change an electrical signal into the lightwave signal 
which has the wavelength of a proper to each node equipment, and to output it, (2) Inside of the lightwave 
signal by which was outputted from the electrical and electric equipment / optical conversion means in each 
node equipment, and multiplex was carried out in the star coupler. A filter means to pass only the lightwave 
signal of the specific wavelength beforehand set up so that logic network configuration might become 
ring-like, (3) By having light / an electric conversion means to change into an electrical signal the lightwave 
signal which passed the filter means, and using the network system which takes the configuration of a star 
mold physically as a network system of a ring type Modification of a communication path is easy and can 
realize the light wave length multiplex network system also suitable for large-scale-ization of a network 
system. 


[Translation done.] 
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^H2^ATMX-Y'y^3 i:g^g-r^/ci6cO'Y>^yx 

-XlEiggTfe^c 

[0 0 2 0] cco-^-^. m^itX±i^Jm'¥-aio^^K:h-^n 
b^m±/-r^^Otcf^ffl^n^¥gT'fe^). ISlOnm 

20 woftm&^^mt^o 

[oo2i]H^^i:, c(D'^y9y x,—xmmt. J— 
F^g2 h A TMx-Y^y^s h^^m^x^m:t ^'^^ 

lCfflV^e>n^[eIgSTSOs /-F^M2 ATMX-f ^y 

^3 ^:&«M«^o^>^yx-x-ejgM-r^±i-&teti: 

[0022] /c/cL. -r>^yx-xtc«mff^^fflt^ 
^sis^icti. -r>^yx-xgi5^^o{siM3l]e>b^^ig5s-efe 

\z,\t. ATU7.^y^3t^y-vmm2t(o^y^y 

30 x-XJCTtfi^^fflV^Tl/^^o 

[0 0 2 3] «M/7t^}^f§ (LD 1) 2 bti. 155 

[0 0 2 4] Rl^rSfiy^;l/^2 cti. tt:#;lc^^^n 
/c^SftcDT^fi^^o^^M^^-^^y-r^b^Tfe^^. 

^m^y Fy"^«^3^'^^J>^'«^^^^'5lc. 

[0 0 2 5] ft/mm.^^m (o/e) 2 dti. xti* 

?d;^^?)A;^en/t7tft^C)5'^W^TSMy^;b^2 c 
[0 0 2 6] (A-2) 1%i»^y hy-^±i^^^^rc-\i 

50 ^y~FSflfrC>ril'L. ^(OTfePggtcfeH-r^ ATMX 
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[0 0 2 7] coDmn^it. xm^^Qfo-^xii-^n^ 
m^-^n^o c<Dmm.mmt. mn/^mmm (ld 

1 ) 2 b {C^\^^X 1 5 5 0 n mW(D^iM^l^&A'^ns 

[0 0 2 8] *ib\ mm(D^mtimmimti-^n^y 

SSffil^cJ:Dll^^5b\ iit^O->XT"Aco±i^. "torn 10 

[0 0 2 9] 1 T^a^n/cTtfi^t^. 

a2^cMLTA:^^n^o /c/cL. &y-F^S2(0^ 
[0 0 3 0] SK^n/cT^ft^^i:. Tt/SM^I^tl (O 20 

m-r^m^yfmmm iLDz) zcicxti-^n. is 

[0 0 3 1 ] ^LT. S^WlCti;. mtl^f|§^b;6^e^O 
Tfutcfea-r^ATMX-r'y^3'\a;^J^n^o CCDJ: 
ate. c:o«^cD?g«^*^^'y hy~~^>'X-rA^c:fev- 

t^(Di:\ ^m^n^x&mwL^(o/-\^ms^^'^y hu— 
[0 0 3 2] ft^^-y ^7-~^>/X'f-i^^^:4oV^T 30 

ti. i/xxA^^fjSt-^^ycT^v^-^xic^sv^T^n^n 
[0 0 3 3] u-oT. c(Dmmp^x\ m&mmo, S n 

mAtr^^o tr^t)"^. 3 2#coy-Fl^a^^^'y F7 

[0 0 3 4] (A-3) Rr^ffiS:7^;l^^0^^7aJ* 

cco^ffim^Tfflv^;§,pj^?^fi-7-Y;i'^2 coffl 40 

'M^^comii^m^mi^y^mz-oh-^r mm f^o Maiufc 

2 c<3D®3l?tS^ffioy— FMC»Mii?SShfiSL^ 

[0 0 3 5] fifiJ^tf. il2CDU>^?"'#MtOiiB'. B^:^ 

"I^?^fi37^;l/^ 2 c cDM3l?6fi%> F^aiciif 
LTSBtW-lHlOOiy (£«) te:f4E-r:i>y-F^a:6^^%51 


[0 0 3 6] (A-4) mm^-^y Fy-^7±:^^6H/cir 

$nTv^;g»iS*# 1 ;b>^/-F^@# 4tcjts^^nTo^ 

[0 0 3 7] 1 t-^mti^nrz^Mt. j 

-FSH# 2(DATMx^^y^3-e^5fe^*yg«j^n. / 

[0 0 3 8]^j^tc. y-F^a#2^^ey 

-F^a# 3-\^}g^ti. /-~F^B# 3tC}gl^^nT 
A IMX-f-y^SlCffitl^n^o 
[0 0 3 9] CfOATMX-r^y^ST^Jfe^fiJSU^nfc: 

■fc:;i/{i. y-"Faa#3^M^ni> (annuj^iii^i^n 

[0 0 4 0] ^^tc. CO-fe/l/tJ:. y— F^B#3 3b^^ 

y-Fsa# 4-\g3i^n. y-Fisa#4tcft^^n 

TV>^ A TMX-f ^y^3tCffi:^^n^o 
[0 0 4 1] ^LT. ATMX-Y^y^^S-e^^^fiJS'J^ 

[0042] clcOJ:^JC, f"— y— FSB^ 

A T M X-Y ^y ^^/t- b T a W^S^ie: T^^- ^ < o 
[0 0 4 3] (A- 5) (Tt^^X) C0«J«I75-^ 

TSiB^-r^o ^sis«3^0fi^iiHti2a«fe^o -^ti 

[0 0 4 4] ^-r. y-F^»^oti^i^:4bnt^ss&c>i^ 
ii4Ri/ia5^ffli/^TiS0^-r^o i?y^^fs m 
4tc*5tt^y-F^s#3tcaPi:b^£crcig^. y-F 

ga# 2:^^ey-Fi^a# 4-\offlffiigst*}iwnTL 

[0 0 4 5] cioti^. y-F^rl#3:^te3MJggS:b>e 

F^B# 2cD3lii?SfitCOl/>TtifRl6^m^ta^'fs y 

— F^B# 4 0Rr^?]£fi:7Y;b^ 2 cO®ji?;S^S^y— 

F^a# 2:b^^%s-r^?sstc«t)Mx^/cctTfe^c 

[0 0 4 6] ccDJ:5tcW0i^;^^i:^ »165t-fi:y- 
FSa# 2:^^^y~-FaB#3^. y-F^«# 3:6^8 
y-F^a# 4^fs3MLTW^^J:'5t^:a;^^3^^ ^SW 
5 J: 9 ti: y- FSI1# 3 ^^^i Lxy- F^S# 
2/b^e)y— Fga# 4--^lsiibTl^^C ^^Cj5:^o 

[0 0 4 7] F^b'y^3b^*t^ bfcti^i-^otti) 
egSOW.^73?i^x |ll6RI>'ll7^/lV>TiK0flt"^o H 

^\z.^\.-x\t. y-F^a* 1 >?3^6y-F^a# 7-\o 

ffifi. y-FISB#2;^>ey'-F^H#6-.tD}l«. ^ 
8 y - FttB # 3 e y - FISB # 5 il^isb'^fi^ 
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¥m¥ 1 1-41270 


) ^ y-v^mm^^ sicMmm^LXL^oo ceo 

[0 0 4 8] iKD^^rji^mom^^mMt^fclsblC^ 
rj:^^^ mi CB) ^c^-rci:"9tc. F^S#l-^/ 
F^S# 3 F^B# 4 -^y- FgM# 5 F 

[0 0 4 9] c(D^mKit. y-¥ms^7^m^t^ 

^^?S57-r;V^2 ccOMl^^SS^y-FgB# i oft 
;!/^ 2 c co®}l?^S^y- F^g# 7 0^ii?SSW7 
[0 0 5 0] (A™ 6) lg 1 (DllffifBfi^OaS 

[0 0 5 1] ^fc. ^j^m^mm»(Dy-\^mm^im't 
[0 0 5 2] cntCcfcD. mmti'^±m»r^^-y h'y- 
[0 0 5 3] (B) m2<DmmBm 
[0 0 5 4] mj£<om 1 (D^iMBBi^i^^^<D^^-j hy— 

(m^TfcoT^^^fey-FgBtcffML^&v^) ^§ 
[0 0 5 5]^Ct:\ COl|2 0^fiSffJllt^*5l/^TCJ:. 

[0 0 5 6] (B-l) J^fi^SToy Fy-^>^X-rA 

c n^«mt- ^ y - F ^ac>a^ 
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[0 0 5 7] t*r\ '9-->'^0«^trfe^;b\ -^--/^ti, 
V^' FW^5aa^fT-5rci60S*5 /n-F0^^5Q:J1 

^ff ay-F^!fi4 ^Ti^M^nri^^o y'7h^x7 

OT% i^*5CDrt0P«^Rt/y7h^x7O|K0^ti«iS 
[0 0 5 8] CCTii:. "9— /N:6^ffiffi*r^y-"F^B 

(s) Ac^mm^-^^^^xmrnt^o Hstc^-rj:^^::. 
y-FiSB (s) 4^^. m.%/im3m (ld2) 4 

10 a. rI^7SM'7y;V:^4 b. 7t/llM^mi (0/E) 
4 cS:t>xv;l/^yu^-9- CDEMUX) 4d^Tl#lic 

[0 0 5 9] CtO^-^. SM/7t^#.§§ (LD2) \t. 
m 1 cD^SSmitC4o'/^Tlj£0j3Lfc1lM/7t^S^f5 (L D 
2) i:|p|1t> 1 3 1 0nm«(D^^ST^Ji-r^?g7t# 
gTfe^o Rl^?Sfi:7-<;l/^4 b(i. §y-F^B:6^?> 

^<?D®msti. mmmicm^jw^^ti^ idlers 

20 [0 0 6 0] ^/c. ■rV;b^7°l^^-9- (DEMUX) 4 
dti. ATMX-i''y^3lc4ol/^T^fi^n/c-h;b^53^g6 

CCO'f^jV=f-'/U^^ (DEMUX) 4dcOf&Ste: 

MUX) {z^\.^x^m'^nrc'^)V^'f-^ ^-^Jiywiicmn-r 

^^o\C:^'dX\^^^o 

[0 0 6 1] t^- /^O^fiidf^^. (l9^C^t"o 

ti. I19tc^f cfc9^i:> &y-F^B<o?SSW i ~Wn 

30 wr^ct ix^^y^^ct) ic^^o. #y-FSfi 
(DTm^mKmf^±x(DiM^(Dm^^^m-t^2: o a 

[0 0 6 2] CCT. }lg^.^D!!l#te:oi.^Tti:. !ft^U^S:?£ 
'>:e:V>€)OtCO(/^Tti. 2ilWtc 1 iHlMR-r^^l^a J: 

40 [0 0 6 3] vk\z.^ n-^iijtcs^t^y— F^B2 0« 
figtcoi^TiteB^-r^o y-FgH2o«^t^. 

^.XW^'oX\^^'^. 
[0 0 6 4] t-^fet)-^. CCD^j5gm-J-4bnt^y-F^ 

B2 tcfe'iz-^T^i:. m 1 (o%m^m^^^^i^wm^ts\7i 

T. xyu^y^2 f . )t/mm^i^^ (0/E) 2g. 

m®m^z\\msm.%/im^^ (ld2) ^^i3tt/c« 

50 [0065] CO 3-^. X7'U^y^2 f (i. I 3 1 On 
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mm(r)m&mt. 1 5 5 0 nm^om^m^i&^f^rcisb 

CD^'^Tt^STfe^o CCT\ 1 3 1 0 n m^cOTtSfiti 

mm^<Dm^r&^. 1 5 5 0 nmmo^mmi^'f-^ 
CO 0 6 6] »iHiS2 hf^. ^-^^^t^^ommmm^ 
A T Mx-Y ^ 3 (ommmm^mnt^ j; 5 «^^nr 

v^T. X:^^n/c:fi-^^. Rj^®M7^;i/^2 cO$iJ® 

Co 0 6 7] $ijW[Ei^2 \\<Dn^m^^m\ o\z7r<to 

2. C^^^^yh) 57^l(llliSS2 h 3RtJF'«it3riaiHlS§ 
2 h 4 O 4 OCD|lIgS>?j^?>«^$nTl^^o 
[0 0 6 8] CCT\ '^^y^'^ffl^[E]gS2 h 1 {t. Atl^ 
nfc-l:;b^fSgO-lrl-^^ 2 h 2tc}im"r^— 
(D^-j ^mmz.m'^\^^X^\y'^ ^ 2 h 2^$iJ®lf 

[0 0 6 9] "^ly^^ZhZlt. ^-j'^M'M.m^2 h 1 

A T MX^ ^ 3 ^^SHjaf ^•fe;l'T^fe^±i^tCti. 
«M/7t^i^ti (LD2) 2 i tc:a5*-r^cl:atJ::&oT 
V^^o ^^ftO^M^ti^ ATMX^>y^3tC^ 

[0 0 7 0] i:;l/5^gtlHlSS2 h 3i^. Rr^ij^fi:7 ^ 

«^©jffii[HigS2 h 4ti:. m^&'^^rc'^\m^-9\z.m-3 

[0 0 7 1 ] t::^±'?:)p^tc D . C tO?gfi^M^> b ^ 
-^^/X-rA<Dliil&^^v'XT-M«^^i:. 01 UC^t" 

i/XT-AOliJl«sg^^b/cH 2 i:ltS$t*ntf5i^:6^^,^ 

^(Dm2<r:^miMm\^^^^^--jVU-^^y7.T-L. 

(s) At±rmMt'^ntcmmzr^'Dr\.^:ho 
[0 0 7 2] (B-2) mm&m(omm\{'f 

[0 0 7 3] ccTti. -^-/wy-FiSfijb^esfflfi 
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rL-1fi!|f?:)y-~KSB2tC. ^ORl^?Sg*7^;b^ 2 c 

[0 0 7 4] ccT. JM{i^n^iltr#'t:;^0'r^--i^ic 

10 [0 0 7 5][112t^. y-F^B# 3^cPiS/^3^^^ofc 

F^t:-^^^^iSL. ^ /-F 

gS#4tc«Mi^^m:/3-r^c y-F^H#4fi:^- 

^^n^TtDW3 7b^^W2^e:^Mt'^o c:nic<^0. 

[0 0 7 6] r^^. F^ti^y ^Ot^rHtciSUT^lSS ift 

[0 0 7 7] (B-3) ^ 2 O^SSJBSO^il^ 

F^-^iyxT-A<D^f*:^m^L. mn^&^mK-^y^^ 

X It. •9-— / Njb^aL— ^lij^c ^ 5 y — FiSM 2 O pT^rS:! 

X\ F^BPi«cOlH]il^ffl3^v^)^oWSfi^c?T^ c i:;^)'^ 

30 [0 0 7 8] iC) m3(OWMm. 

Mz.. *f|0^lc<^^?S«^M^^^y Fy-^i/XxZx^co 

^.(DmmBmit. m^iS^(DW>2(D^mBm\z%^i^:^ 

\^^x(DmmBmx^^. t^EoT. ^(Dm-^mmLximv^ 
^mt. m2£oiistimiotf^hiii;Tfe^o 

[0 0 7 9] (C - 1) aSTiS 

Hi. rL--if i:^)^rL--'9^'2lcMLT7^^'-^lEiM^fT"5S 

[0 0 8 0] ^—^^t. ■pJ^ffigy 1-;^^ 4 b ^7^V;l/ 
^Tb^-y- (DEMUX) 4 d^O•^rU^^^Mll^&^^cW 
Dm^ci:lcJ;D. §«-r^/-Fi£B (iSii) 

fe^;b^X4^-v>LTV^^o 
50 [0 0 8 1] hC.:bX\ 9-^«*Ui. 
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[0 0 8 2] ^:6^T. -9-— /^^b'^gfit*^^^^^;^:^^^:^,- 
[0 0 8 3] t^t. ^-^m. X^^-Wffififf^^^-t" 

[0 0 8 4] OL— if^ui^f^Ui:. CO A C K^^ff-T^ 
[0 0 8 5] — -^--^^ti. c:(?:)A C KCD3MfitC^^V^ 

^MS-r^o iin^;^)^)f)i75-oa.-«*iRtf 2tc^Lfc 
[0 0 8 6] i^^tf-^^'ik. 1 {tzi-^'m^Z^C 

[0 0 8 7] (c-2) msommmmoym 

[0 0 8 8] S/c> [wii;^>^^y hv-^f^-e. i^— 

[0 0 8 9] (D) m4(DmiMm 

[0 0 9 0] (D-1) -^-^"^y-y^mmoWM 
mi 5ic. ^mmmmi^m^'^-^'^y-y'^^w: (s) 

[0 0 9 1] 0 1 5ti^iE>'7^ti''^^^K, C(OmMBm^C 
f^^^t— /^y^-KSB (S) 4' ti. ^2 0^ffimi"t:^ 

|ft0ILrc^t-/V— F^H (S) (OS^tciPx.. 
^^y ^2^^^JiSUt-^^^— (VC) :7^;b^ 
4 e> /^'y7r 4 f . -^^^^^4 gRtf F-^ti^y ^tti^ 
^i£^I*r^^:::.^lHlK4 h ^Srfctc^tt/c^.TSJfeoT 

[0 0 9 2] -r N^^U^^lx^lf (DEMUX) 4 

[0 0 9 3] ^fc. .'^^y^^r 4 f {i. ^t— /^^TtD-fe;U 


[0 0 9 4] (D-2) -9— ^^y-F^ilf^Dgfiifif'F 
:^>^y F'7-"^i:/XxAlc4i5tt§S[lft^iiB^-r^o fcTc 

[0 0 9 5] •9*~"/v~-F^«4' ^mf&t^^m&m 

[0 0 9 6] ^c:5T\ mms.mi^njtt 
^y- F^BoTfiKBt^Bt*^m--o--oicj>ris-r 

iin^ti;> f^V;l/^*/l^i57-9* (DEMUX) 4dtC*5V> 

20 x^m-^n^o 

[0 0 9 7] -rv/b^yu^^ (DEMUX) X^m^ 

m^m^ (-fe/i^ rij . r2j . rsj . r4j 

[0 0 9 8] ccDctit. c<Dm4cDmmmm(om^\c 
ti. m2(Dmmmm(o^oi^z^x<D^^^-MC'o\.^xx 

x4^-v>^^P5ti. ^m^my^^\^^4bxnoi&^y>^ 
^rxommnmcr^K^. mzcom^mBi^iti^x^^M 

m^mi'^^mix'^^o m^it. ^-^yhy-^xm^^^ 

B#F^:^2ms i:"ri>^. 1 Jiffiic^-r^BtP^ti:. 3 2m 

s XS:\^\ 

[0 0 9 9] :;^;:tc. h'7\^y ^inuommmmc-oi^x 

(DEMUX) 4 d\C:^\^^X^m'^nrc 
rc'f'^^'^)\^(D't)\^^^=:,^m^4\\Xi3t;yh-t^o t} 

[0 i 0 0] fe4o. m \ 5Xi.±. ^U^^4 gO«Mi 

xit. y-FSBrtT^-Y-^-^fflv^T^fig^n/c^cD 

50 X.^<);^tCLT:lotttf. SJRCiPEgPi^^XU^^i^:/;!^^^^ 
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[0 10 1] (D~3) m 4 (ommmmMm^ 

[0 10 2] (E) m5<Dmmnm 

[0 10 3] ccomscommmmim^mm^m^^-^ h 

[0 10 4] (E- 1 ) ?S:E^M^>^^y — ^v'XxA 20 

[0 10 5] m7&(DWimRxfm 1 7;b>?,»:6>^<fc5ic. 

X^-~;dy^ 1 ^ff^.L.il-r^ 2«OX^-t^T^^y hU— 
[0 10 6] tlOfc46s §y-KgS2tCt^. ^10^ 

*^fig0.^tcfi^y-FSg2<DJM{f»ti:. -*f07t/ 
(OXE) 2 a 1 RZfZ aZt. M^/TtS 
i^tlCLDK LD2) Zb iRtfZbZtXm^-^n 
TV^^o trc. /-F^tl2(DSfi^ti. -JtORl^JS 

my^fi^z c 1 c 2 1. ftxm^-^mm (0/ 

E) 2 d l^aO-'2 d 2^. m^/fc^^^ CLD3. L 
D4) Z e IRXIZ e Z tVmM^riXl^^o 
[0 10 7] 3^fi2^0li^/)t^g|g§ (L D K 

L D 2 ) 2 b 1 RXf 2 b 2 (i:. V^-ftl^ 1 5 5 0 n 40 

(LD3. LD4) 2 e lRtj=2 e 2ti:. V^*rn 

^13 1 0 nmmOT^rSS^fgfi-r^flT^^ISTfe^c 

[0 1 0 8] tc:^x\ mis^.oftxmmMi^m (ox 

E) 2 a 1 Ra 2 a 2 ^{m^(Dmn,y^Mmm (L 
D 3 . L D 4 ) Z e \ RUZ e Zit. m\ (OmmBtmc 

^i^x^mmLrc<koic^ y—vm&z tATux^-j 
^3 ho^>^:7x-x^. 7tff■^^-r^it^^c>£:^M^ 

-Xi:"r^±i-&tcti^STfe^o 50 
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[0 10 9] 5S:4o. ■^tiDCO^SSfgS^T)^^^.^ 

mm^^m\^^^h(otLxmm-r^o cmt. ^y^y 

x.—xm'7f(DB^m&iomj^X&^tJ:-'y—U—hf^'^± 
[0 110] (E-2) ftm-^^y Fy"-^±3b^^Mfc-b 

[0 111] a^y-F^stct^. ^coTfiPg/itcfiBf 

^ A TMX-f 'y9^3:6^S. ^n-mStJO^^^/rUTj* 
irlc. 1 3 1 Onm^OTteM^Jb^Atl^n^o SK^ff 

E) 2 a 1 Rtf 2 a zmfi\^^xfmmmc-M,mA^ri 

fcik. mnX^^m^ (LDK LD2) 2bl&t/2 
b 2tCj:oT 1 5 5 0 nm^OT^M^lC^^^n. X^ 

[0 112] ccx\ mm.y^mA^ (ld k ld 

2) 2 b 1 ^t/2 b 2C0^n^^tl7b^^mtJ$n^7^fl^ 
#y-FSHc"^^te:@WOSfi3b>SiJDaT^nTi/^ 

c:n6#y-"FSfi2;^)>^ffi;b^n^7ts-^€)ffi?g 

[0 1 13] CcDcfc^tC. a-y-F^B^^e^^^b-cJoS 
S^Stc-r^7t{t^:6^m*?^n. 2-ocDX^":^y'-^ l 

[0 114] ccD.j;atc. x3?-:^y'v i±T^a^n 

/cT^fi^Wl -Wnt^. X:^-;^7'^ 1 ;6^^y~FSR 
2tcA*f^n§c:^tc:^;g>:6^ mi o^SSmi^?3±i^^ 

[Hit. ^y-]^mm^m!&-t^mmmy^j\^^z c i 
jttf 2 c z(omm^&t-mir:h^m<DmE^<o^tim 

[0 115] ^Lx. mm-^nfc^mmt. y^/mum. 

g^gg (O/E) 2 d 1 RXIZ d 2 -e'SMfi^^JT^B^^ 

-^n^'n. sm/t^^^^^ (lds. ld4) 2 e. 

iRlfZ e 2 IC^I^X 13 10 n m^fDT^fl^^C^j^^ 

L:o^3cD^SSfgSoit^tct>. 

[0 116] r^^^ ft^^^y hy—^iyXf-L.ic^h->x 
it. s/xxA^w^-r^s-^xMwxtc^oi/^T^n-^^n 

ytm^(Dirmfom±r^o:^x\ cn^^mmimxmo^ 

mmmmio'^^ ^ . m-kx^t 3 0 n musT^s^o 
[0 117] m-ox. z,(ommnx\ iSftfMo. sn 

mTlSfi^M^tf a C i:tc*r^^. ^cO^M^fi:3 2?S 
gl4i:?5:^o 3 2#£0/-F^E^-t^^y F7 

-^xzmm.-t^z.ht'^x^^o 

[0 118] (E-3) -^W&^y '<)\y^<DmM-f5m 
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[0 1 19] ^^t)^. IgSO^SfimiOti^^::^^. m 

1 s^c^.-txdic. ^commm^s^-y hu-^m^i'^. 
c 1 RtF2 c zcDmm^mtLX'en^^nmom.m^m io 

[0 12 0] ^li. M}i?SSO}lfPJiaSTfeD. 2 0 
ORlS?j£fiy^^;U^ 2 c 1 S.t/2 c 2±tiC. flUffiai?3^ 
SilLT^^V^ l/>-fntcUT^>. 2 

c iRt;2 c 2 o®mfi^«M"rntf. tisw^^^-y 

[0 12 1] (E-4) ^m^^y h'7-^±;b>e>M/c-fe 

[0 12 2] t*r\ it^ibmii-^nrc^Mt. y 
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